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2a)0 This action is FINAL. 2b)D This action is non-final. 

3) D Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 
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5) D Claim(s) is/are allowed. 
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Application Papers 
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DETAILED ACTION 
Drawings 

The drawings are objected to because the newly submitted figures 2A and 2B 
are too dark to clearly disclose the invention. The examiner suggests submitting an 
original draft or an original photocopy in order to better illustrate the invention; the 
examiner also reminds the applicant of the original drawing objection to the misspelling 
of element Cu. Corrected drawing sheets in compliance with 37 CFR 1.121(d) are 
required in reply to the Office action to avoid abandonment of the application. Any 
amended replacement drawing sheet should include all of the figures appearing on the 
immediate prior version of the sheet, even if only one figure is being amended. The 
figure or figure number of an amended drawing should not be labeled as "amended." If 
a drawing figure is to be canceled, the appropriate figure must be removed from the 
replacement sheet, and where necessary, the remaining figures must be renumbered 
and appropriate changes made to the brief description of the several views of the 
drawings for consistency. Additional replacement sheets may be necessary to show the 
renumbering of the remaining figures. Each drawing sheet submitted after the filing date 
of an application must be labeled in the top margin as either "Replacement Sheet" or 
"New Sheet" pursuant to 37 CFR 1.121(d). If the changes are not accepted by the 
examiner, the applicant will be notified and informed of any required corrective action in 
the next Office action. The objection to the drawings will not be held in abeyance. 
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Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

Claims 1, 7-9, 16, 21, and 22 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Davis et al. (US 5,280,414) in view of Ivey et al. (US 6,797,409 B2). 

Davis teaches transient liquid bonding one metal, "such as gold, is deposited on 
a land, e.g. lands 35 and 45 and another metal, such as tin, is deposited on the 
corresponding land, e.g. lands 65 and 75, with which it is to be connected" (Davis et al., 
col. 3, lines 46-52). Davis discloses the metal coated lands (35,45,65,75) contacted 
and heated to a melting temperature that is slightly above the binary eutectic solder 
composition (col. 3, lines 53-57). See figure 1 1 . Davis further discloses that a non- 
eutectic solder alloy composition resulting upon solidification will remain solid 
throughout subsequent dielectric processing temperatures and throughout the 
composite in the event a semiconductor chip (100) is solder mounted via the solder 
"bulls" (110) (col. 3, lines 57-65). Davis discloses that AuSn alloy with greater than 
about 20wt.% tin tends to be brittle; therefore, the ratio of Au/Sn should be "at least 
equal to about 1.5" (col. 5, lines 14-16). Furthermore, Davis teaches "AuSn20wt.% 
eutectic melts at about 280 degrees C; by reacting it with Au the melting point is raised 
to above about 490 degrees C; the resulting composition has the ductility and strength 
required to maintain joint integrity even when reheated to high performance polymer 
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laminating temperatures (col. 5, lines 16-21). See the AuSn phase diagram disclosed in 
Davis's figure 1 . Davis discloses the eutectic reaction at 287 degrees C (col. 6, linel) is 
AuSn + beta (Au 5 Sn) -> L at 280 degrees C (col. 6, lines 8-9). This therefore suggests 
a eutectic structure at temperatures in excess of 280°C. Davis further states that "after 
the Au-20wt%Sn eutectic is formed, it may react with the Au underneath further to form 
either beta phase or an AuSn solid solution before it melts" and the reaction was 
characterized by samples taken from heating rates from 3 to 100 degrees C/min. and 
measured at 280 degrees C (col. 6, lines 42-47). Also, Davis studied the reaction 
between the eutectic and Au at 295 and 390 degrees C (col. 6, lines 63-67 and col. 7, 
lines 1-2). Davis shows a SEM photo of a sample where the Au20wt%Sn eutectic 
partially reacted with Au in figure 6 (col. 7, lines 18-19). Davis states, "the contrast used 
to reveal the layers in the Au-Sn section made the Cu foil invisible in the mircrograph" 
and that "three distinct layers can be seen in FIG. 6" where the layer on the right is 
unreacted Au (col. 7, lines 23-26). Davis analyzed the structure and discloses that the 
layer on the left (still in figure 6) had a composition close to 80 wt.% Au, which 
confirmed that the unreacted liquid AuSn remained at the eutectic composition (col. 7, 
lines 30-33). The middle layer was found to have a composition close to that of beta 
phase; therefore, Davis concluded that above the eutectic melting point, AuSn eutectic 
reacted with Au to form beta phase Au 5 Sn (col. 7, lines 33-39). Figure 5A shows the 
layered structure of Au and Sn before heating and formation of the AuSn eutectic 
composition and thus meets the claim limitation for applying Sn over Au or applying Au 
over Sn, as that "over" can mean many things and does not limit the claim language to 
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exclude Davis's disclosure. Although Davis suggests a eutectic structure at 
temperatures in excess of 280°C, Davis does not explicitly state this occurrence. Ivey 
discloses gold-tin (Au-Sn) eutectic solders "commonly used in the optoelectronic and 
microelectronic industries for chip bonding to dies" (Ivey et al., col. 1, lines 13-15). Ivey 
further states that "presently, most eutectic gold-tin alloys are prepared as solder 
performs" (col. 10, lines 40-41). Ivey discloses Au-Sn solder layers produced by 
"sequentially" depositing Au first on a seed layer then Sn (col. 1, lines 28-29). Ivey's 
disclosure includes applying the alloys in layers on one member. See column 5, lines 
64-67 and column 6, lines 1-6. Ivey teaches that "it can be readily seen that a 
combination of Au 5 Sn and AuSn ca readily produce a layered composite material which 
has a composite material composition comprising anywhere between 15 at % tin and 50 
at %tin, thus including the eutectic composition as well as near-eutectic compositions" 
(col. 6, lines 51-54). Furthermore, Ivey teaches that within the gold-tin alloy system, the 
first alloy species consists primarily of a first alloy phase AusSn and the second alloy 
species consists primarily of a second alloy phase AuSn (col. 6, lines 64-68). Ivey also 
states that by further minimizing the thickness of the layers comprising the layered 
composite material, a "completely interspersed structure can be approximated which will 
exhibit essentially the same physical properties as an equivalent alloy composition 
which does possess a true interspersed structure" (col. 1 1 , lines 35-39). Ivey shows 
SEM micrographs of deposits obtained in figure 8 (col. 20, lines 41-42). Ivey discloses 
that the fine microstructure obtained may be due in part to its high Au content or low Sn 
content of 16.7% (col. 20, lines 44-45). Furthermore, Ivey discloses an 
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electrodeposition process for producing a layered composite material and the layered 
composite material produced by the process (abstract, lines 1-2). Ivey states that the 
process includes the steps of energizing an electroplating circuit to provide a current to 
deposit a layer of the first alloy species and next energizing another electroplating circuit 
to provide a current to deposit a layer of the second alloy species (abstract, lines 7-11). 
Therefore, it would have been obvious to one of ordinary skill in the art at the time of the 
invention to modify the invention of Davis to include the eutectic structure formed by 
Ivey's electrodeposition and bonding method in order to utilize a hard solder well suited 
for long term reliability of the packaging application (Ivey et al., col. 10, lines 32-39). 

Claims 10 and 15 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Davis et al. (US 5,280,414) and Ivey et al. (US 6,797,409 B2) as applied to claim 1 
above, and further in view of Coult et al. (US 5,90,560). 

With respect to claim 10, Davis and Ivey lack disclosure of forming an adhesion 
layer, barrier layer, and wetting layer on one or both of the two members for bonding 
before forming the tin layer and the gold layer. Coult discloses a solder layer (12), 
comprised of three layers (12a,12b,12c), a quenching layer (14), a control layer (16), 
and the two parts (30,32) to be bonded together (Coult et al., col. 6, lines 4-8). Coult 
further discloses a barrier layer (18) disposed on the surface of the solder layer (12) or 
between the solder layer (12) and control layer (16) (col. 6, lines 8-11). Thus, it would 
have been obvious to one of ordinary skill in the art at the time of the invention to modify 
the combined invention of Davis and Ivey to include the wetting, barrier, and solder 
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(adhesion) layers of Coult in order to prohibit the undesired oxidation of the solder or 
oxidizable components of the solder (Coult et al., col. 6, lines 11-19). 

With respect to claim 15, Davis and Ivey lack disclosure of a photo-electronic 
device for bonding to a substrate. Coult directs his invention to optical subassemblies 
and gold-tin solders (Coult et al., col. 4, lines 25-28). It would have been obvious to one 
of ordinary skill in the art at the time of the invention to modify the combined invention of 
Davis and Ivey to include the optical electronics of Coult in order to form improved 
bonds between the optical devices and the substrate, where the bonds remain solid at 
temperatures above the melting point of the original solder composition and improve the 
control of the solder materials (Coult, col. 3, lines 21-26). 

Claim 14 is rejected under 35 U.S.C. 103(a) as being unpatentable over Davis et 
al. (US 5,280,414) and Ivey et al. (US 6,797,409 B2) as applied to claim 1 above, and 
further in view of Kajiwara et al. (US 2002/0056906 A1). 

Davis and Ivey lack specific disclosure of a flip-chip for bonding to a substrate. 
Kajiwara discloses a flip chip assembly (Kajiwara, p.4, [0056], lines 1-5) where one 
solder bump of semi-cured resin is formed on the PCB substrate and the other formed 
on the semiconductor chip (p.4, [0056], lines 8-12). Kajiwara further discloses heating 
the assembly so that the bumps are metallically joined to each other, and teaches the 
bumps to be made of a precious metal, for example Au (p.4, [0056], lines 12-17). 
Kajiwara discloses continuously heating until the work temperature exceeds the Au-Sn 
eutectic temperature (p. 9, [0097], lines 17-19). Therefore, it would have been obvious 



Application/Control Number: 10/708,488 Page 8 

Art Unit: 1725 

to one of ordinary skill in the art at the time of the invention to modify the combined 
invention of Davis and Ivey to include the flip chip disclosure of Kajiwara in order to 
reduce the electrical resistance of the connection part, enhance the reliability of the 
assembly, and minimize the structural size of the small semiconductor package 
(Kajiwara et a!., p. 10, [0100], lines 1-11). 

Claims 23 and 28 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Davis et al. (US 5,280,414) and Ivey et al. (US 6,797,409 B2) as applied to claim 
16 above, and further in view of Coult et al. (US 5,90,560). 

With respect to claim 23, Davis and Ivey lack disclosure of forming an adhesion 
layer, barrier layer, and wetting layer on one or both of the two members for bonding 
before forming the tin layer and the gold layer. Coult discloses a solder layer (12), 
comprised of three layers (12a,12b,12c), a quenching layer (14), a control layer (16), 
and the two parts (30,32) to be bonded together (Coult et al., col. 6, lines 4-8). Coult 
further discloses a barrier layer (18) disposed on the surface of the solder layer (12) or 
between the solder layer (12) and control layer (16) (col. 6, lines 8-11). Thus, it would 
have been obvious to one of ordinary skill in the art at the time of the invention to modify 
the combined invention of Davis and Ivey to include the wetting, barrier, and solder 
(adhesion) layers of Coult in order to prohibit the undesired oxidation of the solder or 
oxidizable components of the solder (Coult et al., col. 6, lines 11-19). 

With respect to claim 28, Davis and Ivey lack disclosure of a photo-electronic 
device for bonding to a substrate. Coult directs his invention to optical subassemblies 
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and gold-tin solders (Coult et al., col. 4, lines 25-28). It would have been obvious to one 
of ordinary skill in the art at the time of the invention to modify the combined invention of 
Davis and Ivey to include the optical electronics of Coult in order to form improved 
bonds between the optical devices and the substrate, where the bonds remain solid at 
temperatures above the melting point of the original solder composition and improve the 
control of the solder materials (Coult, col. 3, lines 21-26). 

Claim 27 is rejected under 35 U.S.C. 103(a) as being unpatentable over Davis et 
al. (US 5,280,414) and Ivey et al. (US 6,797,409 B2) as applied to claim 16 above, and 
further in view of Kajiwara et al. (US 2002/0056906 A1). 

Davis and Ivey lack specific disclosure of a flip-chip for bonding to a substrate. 
Kajiwara discloses a flip chip assembly (Kajiwara, p.4, [0056], lines 1-5) where one 
solder bump of semi-cured resin is formed on the PCB substrate and the other formed 
on the semiconductor chip (p.4, [0056], lines 8-12). Kajiwara further discloses heating 
the assembly so that the bumps are metallically joined to each other, and teaches the 
bumps to be made of a precious metal, for example Au (p.4, [0056], lines 12-17). 
Kajiwara discloses continuously heating until the work temperature exceeds the Au-Sn 
eutectic temperature (p. 9, [0097], lines 17-19). Therefore, it would have been obvious 
to one of ordinary skill in the art at the time of the invention to modify the combined 
invention of Davis and Ivey to include the flip chip disclosure of Kajiwara in order to 
reduce the electrical resistance of the connection part, enhance the reliability of the 
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assembly, and minimize the structural size of the small semiconductor package 
(Kajiwara etal., p. 10, [0100], lines 1-11). 

Response to Arguments 

Applicants arguments filed May 10, 2006 have been fully considered but they are 
not persuasive. 

Applicant argues that both Davis and Ivey fail to teach or suggest that when a tin 
layer and the gold layer are treated with a temperature no more than 280°C, the bond 
microstructure will have a layered structure comprising an AuSn layer and an AusSn 
layer and when the tin layer and the gold layer are treated with a temperature higher 
than 280°C, the bond microstructure will have an eutectic structure containing AuSn and 
Au 5 Sn (pages 10-11). The applicant then argues each reference individually. In 
response to applicant's arguments against the references individually, one cannot show 
nonobviousness by attacking references individually where the rejections are based on 
combinations of references. See In re Keller, 642 F.2d 413, 208 USPQ 871 (CCPA 
1981); In re Merck & Co., 800 F.2d 1091 , 231 USPQ 375 (Fed. Cir. 1986). 
Furthermore, the examiner disagrees that Davis does not teach or suggest the instantly 
claimed features that applicant is arguing. Davis suggests individual layers of AuSn and 
beta phase Au 5 Sn after heating up to 280°C, showing that only temperatures above 
280°C create a eutectic composition (Davis et al., col. 6, lines 50-60 and 63-67 and col. 
7, lines 1-2). 
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The applicant then argues that neither Davis nor Ivey teach or suggest each and 
every element in claims 1 and 16 (page 1 1), to which the examiner disagrees. In 
response to applicant's argument that there is no suggestion to combine the references, 
the examiner recognizes that obviousness can only be established by combining or 
modifying the teachings of the prior art to produce the claimed invention where there is 
some teaching, suggestion, or motivation to do so found either in the references 
themselves or in the knowledge generally available to one of ordinary skill in the art. 
See In re Fine, 837 F.2d 1071, 5 USPQ2d 1596 (Fed. Cir. 1988) and In re Jones, 958 
F.2d 347, 21 USPQ2d 1941 (Fed. Cir. 1992). In this case, it would have been obvious 
to one of ordinary skill in the art at the time of the invention to modify the invention of 
Davis to include the eutectic structure formed by Ivey's bonding method in order to 
utilize a hard solder well suited for long term reliability of the packaging application (Ivey 
et al., col. 10, lines 32-39). 

Applicant argues that Davis and Ivey fail to teach or suggest the limitation of 
claim 21 which is the step of treating the tin layer and the gold layer with the first 
temperature of the second temperature comprising heating under pressure or a 
reflowing method (page 12). Although the examiner agrees with the discussion of Ivey 
with regard to this matter, the examiner disagrees that Davis does not teach or suggest 
this method. Furthermore, Davis discloses heating under pressure (Davis et al., col. 3, 
lines 13-17). See the examples throughout Davis for representation of the process of 
heating under pressure. 
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Applicant further argues that the dependent claims upon claims 1 and 16 are 
therefore allowable and the addition of Coult and Kajiwara fails to cure the deficiencies 
of Davis and Ivey (claims 12-13). The examiner disagrees for the same reasons that 
claims 1 and 16 are rejected and points applicant to the comments above regarding 
claims 1 and 16. 



Conclusion 

Applicant's amendment necessitated the new ground(s) of rejection presented in 
this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP 
§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37 
CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within 
TWO MONTHS of the mailing date of this final action and the advisory action is not 
mailed until after the end of the THREE-MONTH shortened statutory period, then the 
shortened statutory period will expire on the date the advisory action is mailed, and any 
extension fee pursuant to 37 CFR 1 .136(a) will be calculated from the mailing date of 
the advisory action. In no event, however, will the statutory period for reply expire later 
than SIX MONTHS from the date of this final action. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Rachel E. Beveridge whose telephone number is 571- 
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* 

272-5169. The examiner can normally be reached on Monday through Friday, 9 am to 
6 pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Patrick Ryan can be reached on 571-272-1292. The fax phone number for 
the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 



JONATHAN JOHNSON 
PRIMARY EXAMINER 




reb 

August 31, 2006 



